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CONTRIBUTION TO A KNOWLEDGEOF AUSTRA-

LIAN HIRUBINKA. Part v. LEEcii-MKTAMERiSM.

By E. J. GoDDAKD, B.A., H.Sc, Lixnean Macleay Felt.ow of

THE Society in Zoology.

(Plate iii.)

The subject of '• Metamerism in the Hirudiiiea
"

has for a long
time attracted the attention of workers on the group. It has

long been known that the annuli which appear on the surface of

the leech do not represent true segments or metanieres, but that

in each genus more or less typically a certain number represent

conjointly the limits of a somite. The number of annuli thus

entering into the constitution of a somite is, as a rule, constant

fundamentally in each genus, although in connection with the

extension of the somite variations may take place in the various

species of a genus. This, however, happens in but few genera in

comparison with the number in which the numbfi- of annuli

entering into the formation of the " unabbreviated
"

somites is

constant, and characteristic of the genus. At either extremity
of the bod}' are found "abbreviated" somites, that is, segments
wliich do not comprise the full number of annuli as found enter-

ing into the formation of the complete somite which is present
in the middle region of the body. These " aljbreviated

"
somites,

when their exact limits have been carefully mapped out, throw

much light on the mode of formation and order of origin of the

annuli, as we |iass from the hypothetical primitive and uni-

annulate conditi n\ of the somite. For our present day concp.p-

tion of the limit of the somite we are indebted mainly to Castle

iind Moore.
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From a study of the nervous system it is evident that 34

somites are represented potentially in the body of all members of

the Hiradinea, the number of these visible on external examina-

tion of the leech being always much less. In the ventral

nerve-chain lie 21 distinct, norn)al, ganglionic masses, and in

addition at either extiemity lies a much swollen ganglionic mass.

These latter terminal aggregations of the ventral chain represent

the fused ganglia of 13 somites, of which those represented in

the anterior terminal mass are represented externally as "abbre-

viated" somites at the anterior extremity of the body. The

somites denoted by the capsules of the posterior terminal gangli-

onic mass are not represented externally on the body as segments.

From this we can conclude that the missing somites of the

posterior extremity are represented in all the various groups of

the Hirudinea by the posterior sucker; and, furthermore, that in

the Ichthyohdellidce a number of tlie anterior somites are repre-

sented in the "capula." In support of this it may be stated

that the posterior sucker often shows a faint annulation, and the

same is often to be noted in connection with the capula of the

Ichthyohdellidfp.. Again, it is only by this means that we can

make the position of the genital npertures in the Ichthyobdellidm

coincide within somite-limits with that found in the Glossi-

phoniidoi, GnathohdelUdce, and Ileiyohdellidce, inasmuch as the

genital apertures in the IchtJiyohdellidai are more anteriorly

situated, if one leckons from the first visible annulus behind the

capula.

If we are to regard the Hirudinea as having been descended

from an Oligochaetan stock, we must regard the ancestral form

as a uniannulate worm whose body consisted of 34 distinct

somites. More will be said in r-eference to this after the descrip-

tion of the somitic constitution of a number of forms which I

have had the opportunity of examining.

In a study of various genera in which the number of annnli

entering into the constitution of a typical somite is different, one

has some opportunity of deciding definitely the order of origin of
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•the annuli, and the significance of the same as bearing on the

generic importance of that annulation. In my studies in this

connection I have assumed the uniannulate condition as being
the primitive one, and in this subject for consideration the

question is raised as to which annulus of the somite represents

potentially that hypothetical primitive ring.

Tn many leeches there occur, on special annuli, certain sensory
~

papilliB which are more important and prominent than au}^ others

which may be developed on the remaining annuli, and these

papillae serve as an indication of the somite-arrangement and
constitution. Among other externals which are of the same
assistance may be mentioned the nephridiopores, whose position
relative to that of the main sensory papillae is constant. It was

only natural that these two structures should have been taken by
•earlier workers as external signs of the metamerism, as it was
read ily corroborated by a study of the central nervous system; and
it can be readily understood that Whitman should have assumed
that the annulus bearing the sensory papillae represented the first

ring of a somite (this annulus carrying also the nerve ganglia),
and that the nephridial aperture lay in the last annulus of the

.somite. Whitman's idea in this connection was upheld until

Castle, in 1900, came to the conclusion, from a detailed study of .

•the nervous system, that the limits of a somite were to be recog-
nised from a knowledge of the neuromerism, and from a study of

this he came to the conclusion that the sensory annulus repre-
sented in general not the first but the middle or potentially
middle annulus of the somite. He has further worked out the

order of abbreviation, etc., at either end of the body, pointing
out that the sensory ring was the most stable of the component
annuli of the somite, and that the other annuli were in the first

place derived from this sensory annulus by divisions of it

anteriorly and posteriori}'.

Castle's conclusions have, in the main, been supported very

strongly by l^ivanow's excellent detailed work on the nervous

system.
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Ill view of the results obtained by tliese worivers, the opinion'

of present day students n;ust be that the sensory annulus denotes

the nii<ldle or potentially middle annulus of the somite.

I have had occasion, in mapping out the soinitic constitution

of various Australasian representatives of the group, to test

Wliitman's and Castle's methods of determiuing somite-limits,

and the conclusions are interesting in that they show that con-

siderable variation takes place in various genera regarding the

manner of origin of the annuli; and that, while Castle's conclu-

sions are found to V)e correct in the greater number, in other

forms there is a yreat divergence from the conditions which

obtain in the formei'. From a study of these, the importance of

the somitic constitution as a generic character has i)een found to

depend on the manner of the origin of the annuli.

LiiimobdeUa aitstj-alis. —This leech, iov all practical purposes

as far as this discussion is concerned, niay be considered as

belonging to the genus Hirudo, inasmuch as it has the same

number of annuli, same pentannulate somite, position for the eyes

and genital apertures, same number and position of nephridio-

pores, and the general auatoniy is very closely related. Con-

sequently, we can safely conclude that it has the same somitic

constitution throughout as in those forms which would fall within

the limits of the genus Hiriido in its more narrowed sense. In

this way we can derive a.ssistancein the study of the metamerism

of Limnohdella auairalis, inasmuch as we find metameric sense-

papillae very well developed in such forms as Hirudo inedicinaiis,

and one can most legitimately use the position of the.se structures

as if they were present in L. australis itself. What is now to 1)6

stated in comiection with the metamerism of L. australis applies

equally well to all species of the Hir^idinea which would IaW

within the limits of the diagnostic characters of Hirudo in its

wider sense; that is, all species which possess 102 annuli, and

have the eyes situated on annuli 1, 2, 3, 5, and 8, and the genital

apertures situated in annuli 30, 35, and 36 respectively,
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According to Whitman's scheme and Castle's scheme respec-

tively, we find the metamerism of the anterior extremity to be as

follows :
—

Somite.
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is Still fused with it ventrally, the differentiation is not yet com-

plete. In somite v., we find there are three annuli, the middle

one of which is the sensory annulus; the posterior ring of the

somite is quite distinct dorsally and ventrally from the sensory

ring, but the anterior annulus is still fused ventrally with, or

rather not yet differentiated from, the sensory ring. Passing
now to somite vi., we Hnd the segment consisting still of three

annuli, all distinct from each other. In somite vii., there are four

annuli, the sensory ring being placed second; and in somite viii.,

we find the first complete nuniVjer of annuli.

From these facts it will l)e seen that we have a complete series

showing the development from the uniannulate somite of the

extremity of the bod}' to that which is pentannulate; and in L.

australis we get clearly the order of development of the annuli

in the somite, a fact which is most important in connection with

the condition of the complete somite. It will be seen, from the

facts stated above, that the sensory annulus gives rise by division

to another annulus posteriorly, later another anteriorly; then a

fourth develops at the posterior extremity of the somite, and

finally a fifth annulus at the anterior extremity. This is exactly
in keeping with the ideas of Whitman, Bristol, and Castle in

this direction.

OrobdeUa. —This Japanese genus is represented by three species

of which 0. Whitmani is tetrannulate, 0. Jjimai has six, and 0.

octonaria has eight annuli entering into the formation of the
" unabbreviated "

somite. Wemay reasonably regard 0. Whit-

mani as exhibiting the most primitive condition as regards the

constitution of the somite for the genus. As it has been shown,
in the case of Philcemon, Pontobdella, and Ozobranchus, that the

sensor)' annulus represents the third ring of the adult tetrannu-

late somite, we may, with every reason, conclude that the same

liolds in 0. Whitmani. This means that in this species the

ganglion of the ventral chain in the middle region of the Ijody is

found in the third annulus of the somite, and the nephridiupores
on tlie posterior margin of the second annulus.



BY E. J. GODDARD. 57

Considering now the three species of Orohdella from this stand-

point, and examining the genital region, we find that the male

genital poi-e in the species is situated in i-eference to the sensory

annulus as follows :
—

0. Whitmani in 2nd annulus anterior to ganglion.
0. Ijimai in 3rd

0. octonaria in 4th 9>

The nephridiopores are situated in 0. Whitmani and 0. Ijhnai
-on the posterior margin of the annulus preceding that in which

the ganglion lies. In the case of 0. octonaria the ganglia lie in

two annuli, and the nephridiopores on the posterior margin of

the annulus preceding the more anterior of these two annuli, so

that we may conclude that the same two annuli represent the

sensory annulus of 0. Whitmani and 0. Ijimai, and further that

the nephridiopores occupy the same relative position as in the

latter two species. Again, from the fact that the ganglion is so

situated in 0. octonaria, we may conclude from comparison with

the other two species that the sensory annulus remained quite

stable as regards somite-extension or increased annnlation in the

passage of the somite from the tetrannulate condition of 0.

Whitmani to that exemplified in 0. Ijimai with its somite com-

posed of six annuli. Later, however, in the passage to the con-

dition of the somite composed of eight annuli this sensory annulus

underwent division as shown in the manner above described in

O. octonaria. In tlie diagram shown in illustration of this I

have attempted to map out the order of origin of the annuli.

Somite-extension more readily affects the extreme annuli of the

somite, and we find that the anterior and posterior annuli of the

tetrannulate somite have divided to give rise to the somite of six

annuli. One may prove this by stating that, in the Hirudinea

in general, the terminal annuli are more prone to divide; that,

further, the sensor}' annulus, for reasons given above, appears
not to have been concerned in this stage; that the genital aper-
ture lies in the third annulus in front of the cansHon in 0.

Ijimai instead of being found in the second annulus reckoned in
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the same way in 0. Wliitmaul, thus proving that another annulus

has Keen achied in front of the sensory annulus, and this coukl

have taken place only hy division of annulus 1, and not of

annulus 2; that another annulus has been added at the posterior

region, and only annulus 4 could have been concerned in this.

In considering the passage now from the somite of six annuli to

that of eight annuli we find, as shown above, that the sensory
annulus has divided, and that no further annulus has been added

posteriorly. The only point to consider now is whether la, lb,

or 2 lias divided to give rise to the extra annulus anterior to the

ganglion. As the sensory ring is usually so stable, but has been

proved to divide in this case, it would seem very probable that a

division has taken place in 2 also. The order of appearance of

these annuli would then appear to be as shown in the diagrams

illustrating the constitution of these species. (Plate iii., figs. lA,

IB, IC.)

Pontobdella macrotltela Schmarda. —The specimen of this

species which I had the opportunity of examining, offered special

interest for the study of the somite in that genus, inasmuch as

the limits of the somite are verj' clearly shown on external

examination without entailing any reference to papillae, etc.

In this species the somite is triannulate, and the annuli con-

stituting the somite consist of one very wide, and two equally
small. The annuli are found to be arranged so that the large

ring is very intimately bound up with a small one anterior to it,

and another posteriorly situated. The line of division between

any two small annuli is denoted by a very strongly marked

groove so clearly that, on a very casual glance, one could easily

determine the limits of a somite without reference to papill;t\

The annuli are all provided with prominences, but, in the case of

the large annuli, the arrangement and importance of develop-

ment are quite ditierent. It is this large annulus which corres-

ponds to the large papuliferous annuli of other species of Fontoh-

delJa, such as P. aust raliensis and P. muricafa. The only abbre-

viated somites to be noted occur towards the posterior extremity,

and here it is found that a biannulate somite is represented by a
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large anterior anuulus (sensor}'), and a small posterior annul us.

This constitution for a biannulate somite is l)y far the commoner
in all members of the Ilirudiuf".

In some cases the somite of I'oufobdella consists of four annul
i,

and then, says Castle, "Apparently, however, it is at the anterior

end, for in these animals which I have had an opportunity to-

examine, the new ring appears to he united more closely with

the ring which precedes than with that which follows a sensory

ring. Moreover the riug which piecedes the sensory ring is

usually not so broad as the one wliicii follows it. This is an

indication that it is the former rather than the latter wldch has

undergone division." I have not yet had the opportunity of

examining a species of Pontohdella in which thu souiite consists

of four annuli, but Castle's observations show very clearly that

in such forms the third aunulus is the sensory ring.

Ozohranchihs hranchiatus. —
Lately I have had the opportunity

of examinitig specimens of this form, and, inasmuch as the species

has not been noticed and examined in detail since Menzies

described it in 1791, the metamerism of such a species, since the

nature of the leech-body morphologically has been variously

interpreted since that time, should offer some little interest.

In the " neck "-region of the young individual eight distinct

somites can lie made out, ami, judging from the intimacy of the

connection of the annuli, the limits of a somite are clearly marked

off. Eauh somite consists of an anterior annul u.s which is twice

the size of a posterior small annulus. In most instances, also,

but particularly in the posterior region of the "
neck," there is a

more than faint indication of division in the large anterior

annulus, so that the somite is foreshadowed in its triannulate

condition. This fact shows that the large anterior annulus

represents within itself potentially the original primitive annulus

of the uniannulate somite; further, that the posterior annulus of

the somite is formed and definitel}^ diti'erentiated before traces of

the anterior annulus can be made out; and, again, the middle

annulus of the triannulate somite represents the primitive ring.

This is in keeping with what is to be observed in most cases in
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I'fgard to the order of development of annuli towards the consti-

tution of a triannulate somite, namely, that the annuli are

developed alternately posteriorly and anteriorl)' to the sensory

annulus. The anterior extremit}'^, or "
head," although not

forming a distinct "
capula

"
as in other Ichthj'obdellids,

represents a number of fused annuli or somites whose lines of

division are not shown externally on the lijody-surface, beyond
that the margin of the " head "

is furrowed as far as the midline.

Semilageneta HUH.—In my original description of this genus I

pointed out that the somite was triannulate, and that the limits

of the somites were denoted in the anterior part of the body by
the presence of distinct papilhe, and in the remaining body-

portion by the outline of the body which was divided into

segmental regions, consisting of three annuli, by well marked

sulci. These areas I still consider to represent distinct somitic

divisions. Passing forwards from xii., which is the first of the

somites thus marked off, we find xi. triannulate and carrying

papillae on the first and not on the second or middle annulus-

This distribution of the papillae then agrees with Whititian's plan'

and not with that of Castle.

Addendum to original description.
—I originally placed Semi-

lageneta among the Glossiphoniidiv, but, judging from the po.sition

of the genital aperture, it should find its place among the Ichthy-

obdeUida:'. The nature of the anterior extremity, however, is

distinctly intermediate between that found in the IcJithyohdellidm

and G/ossiphoniidce, there being no capula developed as in the

former of these two groups.

PJiiloimoit pungens. —In examining some killed specimens of

this species, n)y attention was attracted to a regular separation of

groups of annuli on the ventral surface, and, strangely enough,

these groups consisted of four annuli. The leech is readily seen

to be tetrannulate from the distribution of the jiapilhie. The

fuirows or gaps which occurred on the ventral surface, dividing

off groups of foui' annuli, seem, then, to mark off the somite-

limits, inasmuch as the number of annuli composing the groups
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was the same as tliat entering into the somitic constitution, and
their presence seemed to denote a more intimate connection of the

annuli composing each group, with each other than with the

aunuli of another group.

On this reasonable assumption it was found that the sensory
annulus was denoted by the third annulus of tlie somite. It has

been definitely proved that the sensory annulus occupies the

same position among two of the otlier three tetrannul ate forms —
Pontohdella and Ozohranchti^ hranchiatiis —so that we can safely

conclude that the somite-limits are thus definitely shown by the

assistance given by the furrows mentioned above, and that the

sensory annulus is the third ring of the adult somite.

Reasons will be advanced later to show that all the tetrannulate

leeches are similarly constituted in this respect.

Geobdella tristriata. —In examining a single specimen of this

newly ])roposed species, gaps somewhat similar to those observed in

the case oi PhiUHmott ^j?t/i</e?is were noted, and these are evidently
due to a buckling of the bodj^ as the resultant of the effect of

the killing fluid. These I proved, in the case of Fhilcumon, to

mark oS" the somite-limits, so that I have reasonabl}' concluded

that the same holds in this case. Geobdella is a pentannulate

genus. In the two Australian species there are well developed

papillfe, but I was unable to detect any such structures in

the killed specimen of G. tristriata. However, inasmuch as the

eyes hi,ve the same disposition, and the number of annuli is the

same in all species, I have legitimately made use of the disposition
of the papillse as denoted in the other species, in mfipping out the

position of the sensory annulus in G. tristriata. In the manner
denoted above, the greater p.irt of the body is divided up
into groups consisting of five annuli; and, by taking into account

the position of tlie jiapillae in the other species and the position of

any of the above-mentioned gaps, I found that the sensory annulus

was denoted by the first annulus of the pentannulate somite.

^ It is interesting to note that in Philcemon and Geobdella, which

anatomically are closely allied, the somite-limits were denoted in

the peculiar manner indicated above. The fact that this occurs
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in botli, would seem to lend additional weight to the argument
that the gaps do signify the dividing lines of the somites.

It is interesting to note that two of our Australian gen^-ra,

Semilagetieta and Geobdella, which are thus unique among the

Ilh'udinea, as far as we know at present, in that the somite-

-extension lias alfectod 011I3' the posterior region of the somite, tlius

leaving the sensory ring at the anterior extremity of the somite,

have also other unique characters which are of some note. As
mentioned previously, Seinilayeneta resetnl)les in many respects

the Glossiphoniidce, and again the Ichthyubdellidce. It is a

Rhynchobdellid leech, but does not find its place definitely

in either of the two divisions of that group. Again, Geobdella \^

unique in that it possesses only two jaws and has the genital

apertures separated by seven and a half rings although the somite

is pentannulate. This latter peculiar character of Geobdella may
be due in some measure to the unique manner in which the

annuli have been generated in connection witli somite-extension.

Another noteworthy feature about Semilageneta is that there

has been an absorption of somites at the anterior extremity,

analogous to the fusion of the anterior somites to form the capula
of the IcldhyobddlidK; and further, inasmuch as this absorption,

judging fi-om the position of the genital apertures, could only
have affected a few somites, tiiere must have been a great

absorption of somites at the posterior extremity, since the number

of somites represented externally is so very small in comparison
with other leeches.

Semilageneta like Ozobranchns may yet have to be regarded as

a type of a new family intermediate between the IchUhyobdellidm

and the Glosniphoniidce.

Conclusions. —-We must resard the llirudinea as havins" been

^descended from an Oligochaetan-like worm which was uniannulate,

and whose body consisted of 34 distinct somites. This represented

the condition of the primitive ancestor of the grouj^, as it left the

main stem of the phylogenetic tree of tiie Annulata. Special
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Structures, such as the anterior aiil posterior suckers were

-developed, and in the generation of these were concerned the

segments at the anterior and posterior extremities. In this con-

nection took place the fusion of the ganglia of the originnlly

distinct segments at these extremities. The traces of annulation

sometimes visible on the posterior suckers of members of the

Ilirudinea in general, and sometimes on the capula of the

IchthyohJelUdoe, support this view. Later came the necessity for

the extension of the somite in order to enable of an extension of

the body, and this represents tlie direct reason behind the

annulation of the leech-body, inasmuch ts, apparently, the somite

was incapable of giving rise to another distinct somite, or in

other words there lias been no increase in the number of ganglia,

although the nervous system has given rise to special branches

for the innervation of the newly acquired annuli which are so

supplied quite separately from the original primitive sensory

annulus, which represented, in fact, a sensory unit. This extension

of the sonite has bsen CDUcerned chief!}' in connection with the

greater part of the Ijody which may be termed more or less

"central." We tind the intermediate stages in the passage from

the uniannulate to the midtiannidate stage represented in proper
serial order, passing from either extremity to that portion of the

body in which the complete annulation characteristic of the genus
is found. In these intermediate somites we find the key to the

order of development of the annuli, nnd this order, although very

different in each of many genera, is constant in the species of

any one genus. It may not be out of place to remark here, tliat

we find in such forms as Ji ranchiohdella and B/e/lodrilas a

representative very closely allied to the hypothetical primitive
ancestor of the Hirudluea at the time of its leaving the mi,iii stem,

or very soon after. These organisms, although certainly not

members of the Hlrudinea, may represent in themselves, and

probably do, examples of homoplasy, in that they have developed

suckers; still the}' serve at the same time as examples of what

has been said above.
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Passing on from the uniannulate condition, we meet with

Microbdella which is biannulate in the adult state of the snniite.

In this case the second annulus has been added posterior to the

sensory annulus. By the addition of another annulus anterior

to these, we meet with the normal]}' developed triannulate adult

somite which is so prevalent among the members of the

Rhynckohdellidfe.

Mesobdella, a distinctly Arhynchobdellid leech, rejjresents

the only member of that group, in which the somite retains its

simple triannulate nature.

In some cases, however, \<'e find that the third annulus

developed is posterior to the second; in other words, that the

sensory annulus represents the tirst annulus of the somite;

examples of this are found in only a few genera such as

Semilagenetci and GeohdeUa. Such might well be expected as a

variation even in the development of the " fundamental "
tri-

annulate somite, inasmuch as we tind considerable variation jn

the order of development of the extra annuli in the evolution of

the multiannulate somite. As far as I know, there is not one

known instance among the Ilirudinea in which the second annulus

of a somite is developed anterior to the sensory annulus. After

this annulus has been developed, it would seem then that two

lines allowing for variation are opened uj). In the majority of

cases we find the third annulus developed anteriorly, but in

some posterior to the second annulus. In the latter case, such as

in Semilagenefa and Geobdella, we tind the sensory annulus

represented by the tirst ring of the triannulate somite. The

stimulus given to the exclusive division of the posterior annulus

of the somite results in the formation, in Geobdella, of a

pentannulate somite, the most anterior annulus of which is the

sensory ring, and is to be regarded as representing potentially the

primitive annulus of tiie somite.

In the following table is given a list, as complete as possible,

of the more important of the known genera of the Hirudinea, and

idicating the annulation of the various genera of the Ichthyol-

dellidce, Glossiphoaiida'; IIerj)obdeUidce, and Gnathobdellidm.
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Order BhynchobdelliDvE.

Suborder Ichthyobdellid.*:. Suborder Glossiphoniid.e.

Genus.
Annuli

in Somite.

Branchellion 3

Ozobranclms
{ ^.^^eiy 4

PonfobdfUa 3 or 4

Ciistohranchiis 7

Trachylohdella ;», 6

CallohdMa 6

Piscicola 1'2, 14

Semilageiieta 3

Genus.
Annuli in

Somite.

(j1o>i>iipli.on ia 3

Helobdella 3

Hcementeria \
'- . \

{
o ventral.

Plarobdella 3

ffe7niclep/<i>! 3

MicrobdeUit 2

Order Arhynchobdellid.e.

Suborder Hkrpobdellid.e. Suborder Gnathobdellid.?;.

Genus.
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generic differences as regards tlie nature of the somite of the

various leeches. It would seem that the order of the appearance
of the annuli in these tetrannulate genera is different from that

in such a pentannulate form as Hirudo, and furthetmore that

this is very possibly the reason that these forms aie tetrannulate,

etc., and not pentannulate. For example, in somite vii., of

Liianobdeila australis, or in fact of any species which falls within

the limits of the characters given for the old genus Hiriulo, we
find four annuli. It is the second and nob the third annulus in

the latter which represents the sensory ring. I liave already
shown that somite iv. is biannulate, and somites v. and vi.

triannulate in L. cntstralis, and that in the former somite the

anterior ring is sensory and both its component annuli partlj^

fused. Again in somite v., the middle annulus is sensory and

the anterior ring is partly fused with this, but the postei'ior

annulus is distinctly differentiated. This shows clearly that the

posterior annulus is the first non-sensory annulus to appear, and

that the order of appearance of the various annuli of the somite

is as follows :
—

Annuli 12 3 4 5

Older of development ... e c a b d

As has been clearly shown in the case of species of Poutobdella,

and Ozobranchus branchiatus, the fourth annulus of the somite is

represented by the anterior annulus of the tetrannulate somite.

The order of appearance of the various annuli would then be as

follows :

Annuli 12 3 4

Order of development ... ... d c a b

Inasmuch as this holds in the case of all the Hirudinea in which

the adult somite is tetrannulate, and the former order in the

case of most pentannulate forms, it seems reasonable to conclude

that the effect of this variation is reflected in the natux-e of the

adult somite. In connection with this question I might mention

that in HcenierUeria, we tind the somites triannulate dorsaliy but

pentannulate ventrally. This condition evidently obtains in all
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specimens which may be deemed as mature, irrespective of details

as regards age. From this we conclude that, in Hcementeria, the

somite has not yet reached the pentannulate condition, and
further that this state would be reached by a division, evidently

simultaneous, of each of the terminal or non-sensory annuli of the

triannulate somite. The order of development of the annuli

would then be :
—- 12 3 4 5

d c a b d

This order shows then again a variation from that which obtains

in such pentannulate forms as Hirudo, ami is intermediate

between that which obtains in the latter forms and such forms

as Ozohranchus, PontobdelLa, Orohdella, and Philcenion. A point
of further interest in connection with this is that the triannulate

adult .somite is the prevalent condition among the Rhynchohdellidce,
and tlie pentannulate among the Arhy nchobdellidce.

Hcementeria is the only member of the lihyachobellidce which

shows any trace of the pentannulate somite, and occupying an

equally UTiique position among the ArlcynchobdelUdce we find

Mesobdella which is th« only member of the latter group in which

the adult somite is triannulate. Both these genera then serve as

intermediate forms between the Iihy)ichobdellidce and Arhynchoh-
dellidce in connection with the nature of the somite.

Summari/.—Fvom facts and .statements given above, it may be

concluded in general that the posterior region of the sensory
somite is first aflfected in connection with somite-extension.

Furtiier divisions may affect the posterior region exclusively as

in Semilageneta and Geobdella, but in the majority of cases we find

the anterior similarly aflPected. The fact that the division is

proved to be restricted to the posterior region iu some forms is

not astounding, (and is very interesting in keeping with the fact

that the posterior annulus of the l)iannulate somite is the first

non-sen.sory annidus developed in that it shows a distinct stimulus

behind this region) in regard to division, and inasmuch as con-

siderable variation takes place in the evolution of the multianu-

late condition of the somite is but to ba expected. In the
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iiiajority of forms, however, as stated above, the anterior portion
of the somite is affected after the addition of the first posterior

annulus. Later divisions typically affect both extremities, or in

some cases may be restricted, at least for a time, to the anterior

extremity. Examples of the latter are to be found in those leeches

in which the adult somite is tetrannulate. After the formation

of terminal non-sensory annuli the sensory annulus is, as a rule)

not affected, but sometimes is as a result of the inability of the

terminal annuli to undergo further division.

In discussing the question of metamerism I have attempted to

explain the nature of annulation in all the forms as the result of an

action of extension. There is no scientific support behind the

flat denial that " abbreviation
"

or fusion takes place. However,
if such a process does occur, it is quite secondary in importance
and by no means frequent in occurrence.

EXPLANATIONOF PLATE III.

Figs. 1 A, IB, IC, —Diagrams showing the aiiangement of the annuli in the

genital somite of Orohdella Whitmani, 0. Ijimai and 0. octonaria

respectively, according to the scheme laid down in the text.

Figs.2A, 2B, 2C, —Diagrams of the same, showing the annuli of the genital

segments arranged according to Whitman's scheme.

Jigs. 3 A, 3B, 3C, —Diagrams showing the arrangement of the annuli in

Geobdella, Phikemon, and Fontobdella macrothela respectively.
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CONTRIBUTION TO A KNOWLEDGEOF AUSTRA-
LIAN HIRUDIXEA. Part vi.

The Distribution 0¥'snv.HiRUDiNEA,\yiTYi. Special Rkference
TO Australian Forms, and Remarks on their Affinities,

TOGETHERWITH REFLECTIONS ON ZOOGEOGRAPHY.

By E. J. Goddard, B.A., B.Sc, Linnean Macleay Fellow of

THE Society in Zoology,

Of the Australian forms enumerated in a list of species which

I have made, at least five genera are characteristic of Australasia

(in its ordinar}"^ geographical sense). Of these, three are aquatic

genera —
Semilageneta, Diiieta, and Hirudobdella; the remaining

two genera, Geohdella and Phikevion, are land-forms. From this

it will be seen that we have characteristic generic representatives
of the IchthyohdellidcB (if Semilayeneta must be allotted a position
under the present classification), Herpohdellidoi and Gnathoh-

dellidcf. Some little interest attaches to Ozohranchus hranchiatus

from a distributional standpoint, in that the onl}' other known

species of the genus is that noted by Apathj^ in the Mediterra-

nean Sea. In connection with this, I have previously stated

that this genus is evidently always associated, under parasitical

conditions, with members of the Chelonia, in contradistinction to

the confinement of species of Branchellion to the Pisces. Chelone

mydas, the host of Ozohranchus hranchiatus, is distributed over

the Pacific, Indian, and Atlantic Oceans, so that, in all possi-

bility, this member of the Hirudinea has a very wide distriljution.

Oka, in 1895, described a species from Japan which he doubtfully
referi-ed to 0. Mendesi, and this, no doubt, is meant for 0. hran-

chiatus. Unfortunately I have not had the opportunity of

reading Oka's original paper, and have gleaned my information

from a reference made by Moore.
6
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Branchellion, which is represented by at least three definite

species in Australian waters, is a universally distributed genus,

being noted from the Atlantic, Pacific, and Indian Oceans.

Pontohdella is likewise a cosmopolitan form, and is represented

by at least one definite characteristic Australian species, Pontoh-

della australiensis. P. macrothela was originally found by
Schmarda in Jamaica, and Blanchard has noted the same species

from Sumatra; so that the presence of this species in Australian

waters would seem to indicate that it is universally distributed.

Semilageneta, represented, up to the present time, by a single

species known from no other part of the world, is interesting in

that it is ap])arently intermediate between the Ichthyobdellid

and Glossiphonid forms, as noted previously. No characteristic

representative genus of the Glossiphoniidce is to be noted in Aus-

tralasia. Three genera, Glossiphonia, Placobdella, and Microh-

della have been found, the former in Australia and Tasmania,

the latter two in New Zealand. The occurrence of Microbdella

in the latter place is interesting, in that it was discovered almost

exactly at the same time as Moore discovered and described the

type-species, M. hianmdata, from Carolina, U.S.A. As I have

previously pointed out, no terrestrial member of the Rhynchob-

dellidcB has ever been noted in any part of the world, and, in

view of this, the occurrence of these freshwater forms in Austra-

lasia, in contradistinction to the limited distribution of the

terrestrial members of the Hirudinea, serves as excellent corro-

borative evidence of the cosmopolitan distribution of freshwater

forms of life, which is due, no doubt, to a great extent to the

means of transmigration offered by birds, etc.

Among the Herpohdellidce, we find in Australia the cosmo-

politan genus Herpobdella, and a genus, Dlneta, confined, so far

as is known, to Australia. The latter form, however, as has been

noted previously, is very closely allied to the former, and, again,

both these genera are freshwater forms.

The Gnathobdellid representatives fall into two groups, viz.,

aquatic and terrestrial. Among the former are comprised repre-

.sentatives of three genera
—Li7nnobdella, Hirudohdella, and
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Hiruflo. Limnohdella australis of Australia and L. mauiana of

New Zealand are exceedingly closely allied, and apparently they
differ onl}' in colour -pattern, and perhaps slightly in dimensions.

Their anatomy agrees in the points of difference as cited for the

differentiation of the genus from the common genus llirudo.

Whether we regard them as distinct species or not, their distri-

bution is of some interest. Tn support of this, we find in New
South Wales a new genus, Hirudobdella, which was originally

discovered by Prof. Benham in New Zealand, in the form Hirudo

antij)odum, which Prof. Benham himself thought must fall into

a new genus. Limnohdella is known from other parts of the

world, and so, like other freshwater forms, has a cosmopolitan
distribution. Hirudubdella, represented up to the present by
one New Zealand species and one Australian species, is also a

freshwater form; and, |)robably, when viewed critically from the

.standpoint of distribution, is to be regarded as a highly moditied

subgeneric offshoot from the Hirudo-stock.

In considering the question of distribution, perhaps the most

important members of the Australasian Hirudinea are the

terrestrial genera, Philcemou and GeohdeUa. Before entering into

a discussion of the affinity and distribution of these forms, it

will perhaps not be out of place to point out the distribution of

the terrestrial ArhynchohdeUidce tliroughout the world, with a

view to pointing out the significance of their distribution in

bearing on zoogeogiaphical questions.

The number of terrestrial species is very small: so far only

eight genera are known, five of which belong to the Gnathob-

dellidte and three to the Herpobdellidxe. The former include: —
Htemadipsa Tennent, 1861; Ceylon, India, Burmah, and

Japan.
Xerohdella von Frauenfeld, 1868; mountains of Europe.
Mesobdella Blanchard, 1893; Chili.

Geobdella Whitman, 1886; Australia and New Guinea.

Philcemou Blanchard; Australia and Tasmania.
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The Uerpohdellidce include: —
Cylicobdella Grube, 1871; South America and West Indies.

Lumbricobdella "Kennel, 1886; South America aud West Indies.

Orohdella Oka, 1895; mountains of Japan.

Forbes, in 1890, also recorded the occurrence of a terrestrial

species, in North America, of the genus Semiscolex, whose

members are generally aquatic.

In comparing now the distribution of these forms with that of

aquatic forms, it will be seen that the former are much more

limited and do not enjoy a cosmopolitan distribution.

The Hirudinea in general were probably derived from an

aquatic ancestor; and, in view of the fact that the great majority

of species are still aquatic in habit, we must regard the terres-

trial forms as being specially modified for a terrestrial existence,

or as having specially adapted themselves to an environment

quite different from that under which the majority of the forms

have maintained their existence.

It might be merely suggested that the adaptation of some

forms to a terrestrial existence might be due to the adaptation
of an aquatic host by evolution to terrestrial conditions. This

suggestion would receive some weight from the argument, which

is well supported, that the Hirudinea represent an archaic

group. At the same time it is to be borne in mind that several

of the terrestrial Gnathobdellidce differ in only a small degree
from certain allied aquatic forms of the same group.

In New Zealand, no land-leeches have yet been noted. Mr.

Moore, of the United States National Museum, and Prof.

Benham have shown definitely that the s^iecimens of Geobdella

limbata ascribed to NewZealand are identical witli H. {Chthonob-

della) limbata described by Grube from Sydney, and no doubt

this represents the locality whence they were obtained. Further,

land-leeches would certainly have been discovered long ago if

they existed in the New Zealand bush. Two terrestrial genera
have been noted in Australia, viz., Philoimon and Geobdella.

Both these forms are very characteristic, and exhibit points of

special interest. Philcemon fungens is the sole species known of
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that genus, and is to be found in Victoria and Tasmania, and in

New Soutli Wales. Geobdella is represented by three species
—

G. aiisiraltensis, G. Whitmani, and G. tristriata —the former two

being present in New South Wales and Queensland, and the

latter in New Guinea. This latter distribution is of interest

from a zoogeographical standpoint. The fact that they are so

<;onfined in their distribution would seem to indicate with some

certainty that the problem of migration of the species of these

terrestrial forms is much more difficult than in the case of the

aquatic forms, and that we may consider them, in their distri-

Ijution, seriously in connection with zoogeographical schemes.

Again, these forms are in all probability limited to the eastern

side of the continent, the conditions of moisture, and the sub-

tropical nature of a good part of this area being much more

suitable for such forms of life. Wemay probably conclude from

this that the genus Geobdella had a range extending from

Austz'alia through at least part of the once existing Austro-

Malayan Peninsula, and that in all possibility sufficient time has

elapsed since the separation of this land-mass from Australia to

allow of the evolution of the New Guinea species, G. tristriata,

which is quite distinct from the Australian forms, and like them

is terrestrial. Further, we are also to regard Philcemon as being

characteristic of the southern half of the old Australasian conti-

nent, including Tasmania, and Geobdella of the northern and

more tropical half.

Perhaps I ma}' he excused, preliminarily, before entering on a

discussion of the affinities of these two genera, if I attempt
to review in consideration the distribution of these forms with a

view to demonstrating their antiquity. If we assume that the

occurrence of one and the same species of P/ii/«;»jo/i in Tasmania,

Victoria, and New South Wales, is not due to the interference of

mankind (and this assumption I strongly support later), then we

must conclude that this genus once spread over the whole

of these combined areas when a land-connection existed between

Victoria and Tasmania, and further that inasmuch as only one

species is known, the genus must be a distinctly archaic one. In

support of this, we have the intere.sting fact that Geobdella,
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which, as will be pointed out later, is very closely allied to>

Phikemon and might very well, on many scores, be regarded as a

subgenus, is confined to the northern half of New South Wales,

Queensland and New Guinea. In considering, then, the distri-

bution of these two genera, we are forced to conclude that both

have been evolved from a common stock, and that Geobdella has

adapted itself to tropical and subtropical conditions, and Philcenion

to more temperate conditions.

I think that I may now reasonably suggest, if not conclude,

that both forms are distinctly archaic. In concluding these

remarks in their special reference to the question of distribution,

it may be stated that one might reasonably have expected to

meet with representative species of one of our Australian terres-

trial genera in some of the Island groups to the east of

Northern Australia which, many men of science, in consideration

of the continental nature of the group, have suggested were

connected as an extension in an easterly or south-easterly

direction with the Austro-Malaysian Peninsula. Whenengaged

in a collecting tour in Fiji some years ago, although I spent

some months in active collecting in the thick bush of that region,

I met with no member of the group, nor did I ever hear any^

reference made by natives, a vast number of whom rendered me

every assistance possible iii my work, and most enthusiastically

proferred any information they had. Further, I know of no

records from the New Hebrides. This leads one, at the least, to

suggest that neither of the Australian forms found its way beyond
New Guinea, either in an easterly direction or in a westerly

direction. I have mentioned these details witli a view to-

suggesting that our two Australian genera have arisen from,

a common Australian ancestor which was evidently not far

removed from either of them in nature; and further, that

this evolution has taken place since the splitting up and separa-

tion of the outer portion of the supposed peninsular continental

mass but prior to the separation of New Guinea from Australia.

Again, if New Zealand were ever connected in a northerly or

north-easterly direction with any of the continental masses above-

mentioned, the absence of these forms in NewZealand is explained
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either by the fact that they never did spread to any distance in

an easterly direction, or that this hypothetical connection with

New Zealand is of enormous antiquity.

In discussing the relationship of the two genera, Philcemon and

'Geohdella, it is interesting to see that they show marked affinities,

which in themselves are unique characteristics of the two genera,

viz., the presence of only two jaws, and the same position of the

eyes. These affinities must be seriously considered as representing
certain fundamental characters common to both, and probably to

be found in an ancestor common to both, inasmuch as one of these

points, viz., that of the jaws, is a most important factor to be

considered in connection with classification. At the same time

there are wide differences V)etween them which would seem to

indicate that both forms have long been differentiated sufficiently

for the generation of separate genera. I have pointed out, in

connection with the subject of metamerism, in another chapter
that in Geohdella the pentannulate somite has been derived from

the uniannulate segment by the addition of fourannuli posterior
to the primitive ring, whereas in Philcemon the sensory ring is

denoted by the third annnlus of the tetrannulate somite, indicat-

ing tiiat the order of origin of the annuli is quite different.

Tlie question is now to be considered whether this tetrannulate

condition has been arrived at by the absorption of the last annulus

of tlie pentannulate somite, as seen in Geohdella (or the pent-
annulate somite by the addition of another annulus to the

tetrannulate somite of Philcemon); or whether these two forms

were differentiated after the common ancestor had developed the

biannulate somite. One finds that, in connection with somite-con-

stitution, the chief change is that of extension, or in other words,
the generation of the nmltiannulate condition. This we know

definitely lias taken place extensively in all members of the

Hirudinea to a greater or less extent, but, at the same time,
there is no substantial scientific support behind the denial that

retrogressive changes ever take place, that is, that an abbrevi-

ation may take place secondarily. If one removes the last

annulus of the pentannulate somite of Geohdella, it will be seen

-that the sensory annulus would not occupy the same position as
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that seen iu Phihemon, with its tetranuulate somite; or again, by

adding another annulus to the somite of Philcemon the pent-

annulate somite of Geobdella would be obtained; but the position

of the sensory annulus would not correspond in both.

It must, of course, be borne in mind that although the number

of annuli in the whole body is different in the two genera —79 in

Philcemon, 95 in Geohdella —and the peculiar positions of the

genital apertures in Geobdella are of great importance, tiieir

anatomy agrees very closely.

The total number of annuli in the body is dependent on the

fact that one is pentannulate, and the other tetranuulate, and

this may explain to some extent also the peculiar relative-

positions of the genital apertures in Geobdella, which at first

would seem to be of such great importance.

In view of what I have stated in connection with metamerism'

and the importance of the order of origin of the annuli in

discussing genetic relationships of leech-forms
;

and taking into-

consideration what I have stated as conclusions to be drawn

from a study of the distribution of these two forms as a reflection

of their ai'chaic nature; seeing that the order of origin of the

annuli is so different in these two forms; I conclude that they

have been derived from a common ancestor which agreed very

closely with them in regard to the jaws, position of the eyes, and-

general anatomy, l)ut which, at the time these two geuera were

differentiated, had not developed a somite of more than two

annuli.

In conclusion, I may state that the remarks which have been

made in this paper in regard to the conclusions to be drawn

from the distribution of our terrestrial Hirudinea in regard to

zoogeographical schemes, are in keeping with those which the

distribution of Monotremes, Marsupials, and Peripatus, etc.,

has long since justified. In this direction I have, then, merely

added corroborative evidence from a study of the Hiriodinea

themselves, and have hopes that I have conclusively pointed out

that the terrestrial members in general of the Hirudinea serve-

as good types to l>e considered in connection with a study in-

zoogeography.


